1. Introduction {#sec1}
===============

Cranberries (*Vaccinium macrocarpon* Aiton; 2n = 2x = 24) are a low-growing, evergreen, perennial woody vine and a health promoting berry crop native to North America ([@bib46]). They produce edible red fruits rich in vitamins (A, C, B1, B2, B6 and E), fiber, sugars, minerals and organic acids ([@bib5]). The high phenolic compounds present in cranberries with strong antioxidant properties prevent a number of human diseases, including cancer and cardiovascular disease ([@bib30]; [@bib13]; [@bib33]; [@bib23]). They possess therapeutic activities such as anti-bacterial ([@bib27]), anti-carcinogenic ([@bib45]), anti-viral ([@bib53]), anti-mutagenic ([@bib48]), anti-angiogenic ([@bib40]), anti-tumorigenic ([@bib42]) and prevention of cardiovascular disease ([@bib30]), stomach and oral ulcers ([@bib51], [@bib52]) and of urinary tract infection ([@bib22]). Clinical trials showed a prompt improvement of endothelial function and a quick decrease of urinary tract infection after cranberry juice consumption ([@bib4]).

Cranberries are highly praised for producing nutritious, healthy and edible fruits that are consumed fresh (5%) or in processed forms including juices (60%) and sauces, dried fruit and ingredients (35%) ([@bib56]). The natural spreading of cranberries extents from the Canadian province Newfoundland and Labrador west through the Great Lakes region to western Ontario and Minnesota in Canada and south at higher elevations in the Appalachian Mountains to North Carolina and Tennessee of the United States ([@bib46]). Although USA and Canada are two leading countries for most of commercial cranberry production, countries like Azerbaijan, Belarus, Bulgaria, Chile, Germany, Latvia, Romania, the Former Yugoslav Republic of Macedonia, Tunisia and Ukraine are also producing cranberries ([@bib17]).

Genotype identification for high antioxidant properties and genetic variation are increasingly essential in cranberry for germplasm characterization, breeding purposes and proprietary-rights protection ([@bib11]). Plant germplasm carries genetic information for the plant\'s hereditary makeup. Knowledge on wild species is required for their best use in a breeding program as they may possess a whole set of desirable features required for production and improvement ([@bib8]). DNA-based markers including inter simple sequence repeat (ISSR), expressed sequence tag - simple sequence repeat (EST-SSR) and EST - polymerase chain reaction (PCR) markers allows direct comparison of different genetic materials independent of environmental influences ([@bib50]). Although ISSR markers are dominant in nature (cannot identify heterozygotes), they are randomly distributed throughout the genome, cost less and do not require sequence data for primer construction ([@bib37]). EST-SSR and EST-PCR are highly reproducible co-dominant functional markers. ESTs are produced from single-pass sequencing of randomly picked cDNA clones ([@bib2]). They are derived from transcripts and target specific genes ([@bib47]).

An increased demand for developing cranberry cultivars with high antioxidant activities step up the need for selecting superior wild-growing cranberries for cultivation in Canada. We developed a program to improve cranberry cultivars at St. John\'s Research and Development Centre of Agriculture and Agri-Food Canada in Newfoundland and Labrador ([@bib7]; [@bib3]). The diverse wild clones and cultivars collected under this program and their assessment for antioxidant properties and genetic diversity using molecular markers will contribute significantly in berry crop germplasm management and improvement. Although reports on antioxidant properties are available with a limited number of cranberry genotypes ([@bib1]; [@bib49]; [@bib28]; [@bib34], [@bib35]), none is with wild diverse germplasm. Reports on linkage between molecular markers and antioxidant properties of cranberries are lacking. Biochemical analysis for antioxidant properties along with structure and genetic relationship at molecular level in a wide wild cranberry germplasm has not been reported before.

The present study aimed to determine the phenolic compounds in 136 Canadian wild cranberry clones and two cultivars, and to evaluate their antioxidant capacity and biodiversity for antioxidant properties. Seventy-five wild clones and one cultivar were also analyzed at molecular level for structure analysis using three types of markers. Biochemical and molecular data were used to select promising cranberry clones for possible use in a berry improvement program.

2. Material and methods {#sec2}
=======================

2.1. Plant materials {#sec2.1}
--------------------

One hundred and thirty six wild cranberry (*Vaccinium macrocarpon* Aiton) clones ([Table 1](#tbl1){ref-type="table"}) collected in 2001 from Newfoundland and Labrador (NL), Prince Edward Island (PE), Nova Scotia (NS) and New Brunswick (NB) in Canada and the cultivars 'Franklin' and 'Bergman' were maintained in a greenhouse under controlled condition at 20 ± 2 °C with a maximum PPF of 90 μmol m^-2^ s^−1^ and 85% RH for more than 14 years ([@bib7]; [@bib3]). Each clone was an individual genotype and was selected based on good vigour with deep red large berries and good berry yield per plant, and apparently free from insects and diseases. The cultivars 'Franklin' and Bergman were derived from the crosses 'Early Black' × 'Howes' and 'Early Black' × 'Searles', respectively ([@bib18]). The plants were grown in 6 L (25-cm in diameter and 18 cm deep) plastic pots (East-Chem Inc., Mount Pearl, NL, Canada) containing 2 peat: 1 perlite (vol/vol). Normal cultural practices were used and the winter dormancy requirements were fulfilled through maintaining the plants at or below 6 °C for at least three months ([@bib7]; [@bib3]; [@bib1]).Table 1Wild cranberry clones collected from Newfoundland and Labrador (NL), Nova Scotia (NS), New Brunswick (NB) and Prince Edward Island (PE) in Canada.Table 1CloneProvinceCommunityLatitude (N)Longitude (W)NL1NLCape Spear47°31′52°37′NL2NLFlatrock47°42′52°42′NL3, 59, 87, 88,NLLogy Bay47°37′52°40′NL4, 57NLPortugal Cove47°37′52°51′NL5 -- 37, 60--86NLBell Island47°38′52°56′NL38NLMobile47°14′52°50′NL39NLBiscay Bay46°44′53°17′NL40NLFerryland47°02′52°52′NL41NLFrenchman\'s Cove46°54′52°55′NL42NLFreshwater47°50′52°55′NL43NLPeters River46°45′53°36′NL44, 92, 93, 94NLPort Kirwan46°58′52°54′NL45 -- 48NLSoldiers Pond47°20′53°04′NL49 -- 51, 89NLNew Melbourne48°03′53°09′NL52NLSt. Brides46°55′54°10′NL53NLLamaline46°51′55°48′NL54, 55, 95, 96NLLord\'s Cove46°52′55°40′NL56NLSearston47°50′59°19′NL58NLBlackhead47°31′52°39′NL90, 91NLOld Perlican48°05′53°00′NL97NLCorbin46°58′55°14′PE1 -- 4, 11, 12PEBlooming Point46°23′62°58′PE5 -- 16PEHarrington46°21′63°10′NB1 -- 4, 9--12NBClifton47°43′65°22′NB5 -- 19NBLittle Shemogue46°06′64°01′NS1 -- 4NSCanso45°20′60°59′

2.2. Preparation of fruit extracts {#sec2.2}
----------------------------------

During 2015 growing season, ripe fruits were harvested from all genotypes at maturity based on external colour and size uniformity and stored at -- 80 °C until analysis. The extracts were obtained according to the methods described by [@bib20]. Briefly, berries from each genotype was homogenized with 80% aqueous acetone containing 0.2% formic acid and following centrifugation at 13,000 rpm for 15 min at 4 °C (Allegra 64R; Beckman Coulter Inc., Palo Alto, CA, USA), the supernatant was diluted with same solvent to make the fruit extract of 25 mg/ml working concentration. The extract was used to determine total phenolic, flavonoid and anthocyanin contents and antioxidant activity. Analyses were carried out at least three times for each sample and mean values were used for analysis.

2.3. Total phenolic content (TPC) {#sec2.3}
---------------------------------

Photometric method using Folin-Ciocalteu reagent ([@bib43]) was used to determine TPC in the cranberry fruit extracts following [@bib20]. In brief, 100 μL of Folin-Ciocalteu reagent was mixed to 100 μL fruit. After 5 min, 200 μL 20% saturated (w/v) sodium carbonate was added to it followed by addition of 1.5 mL distilled water. The mixture was incubated in dark for 35 min at room temperature and centrifuged at 4000 × g for 10 min in Allegra 64R. The samples and standard (gallic acid) were analyzed with a UV spectrophotometer (Libra S32 PC, Biochrom Ltd. Cambridge, UK). The absorbance values were read after 3 min at 725 nm and the results were expressed as milligrams of gallic acid equivalents per gram of fresh fruit weight (mg GAE/g fw).

2.4. Total flavonoid content (TFC) {#sec2.4}
----------------------------------

Total flavonoid content was determined using aluminium chloride colorimetric assay ([@bib54]) following ([@bib20]). An aliquot (500 μL) of sample extract was added to 2mL distilled water and 150 μL of 5% (w/v) sodium nitrate to which 150 μL of 10% (w/v) aluminium chloride was added after 5 min. After 6 min of incubation at room temperature, 1 M sodium hydroxide solution (1 mL) was added to the mixture. The mixture was diluted with 1.2 mL distilled water and the absorbance was measured at 510 nm. Catechin solution (1 mg/mL) with ≥98% purity was used for standard curve calibration and the total flavonoid content was calculated as milligrams of catechin equivalents per gram of fresh fruit weight (mg CE/g fw) ([@bib1]).

2.5. Total monomeric anthocyanin contents (TAC) {#sec2.5}
-----------------------------------------------

The total monomeric anthocyanin content on the extract was estimated by the pH-differential method of [@bib26] following [@bib1]. Absorbance was read at 520 nm and 700 nm. The total TAC was expressed as milligrams of cyanidin-3-glucoside equivalent per gram of fresh fruit weight (mg C~3~GE/g fw) and was calculated using the following formula:$$\text{TAC(mg}\ \text{C}_{3}\text{GE/g}\ \text{fw)} = \text{(A} \times \text{MW} \times \text{DF} \times 1000\text{)/(ε×W)}$$Where, A (Absorbance) = (A~λ520~ -- A~λ700~) pH 1.0 -- (A~λ520~ -- A~λ700~) pH 4.5; MW = molecular weight of cyanidin-3-glucoside (C~15~ H~11~ O~6~, 449.2); DF = dilution factor; ε = molar extinction coefficient for cyanidin-3-glucoside (26,900); and W = sample weight.

2.6. Antioxidant activity {#sec2.6}
-------------------------

The radical scavenging activity of fruit extract for all genotypes was carried out using the method described by [@bib21] with 2,2-diphenyl-1-picrylhydrazyl (DPPH), an artificial stabilized free radical, following [@bib20]. In brief, 1.7 ml of 60 μM DPPH solution was mixed with 100 μl of berry extract or gallic acid (standard solution) and after 20 min of incubation at room temperature in dark, absorbance was recorded at 517 nm. The DPPH scavenging activity was calculated as a percentage of inhibition of DPPH radicals using the following formula ([@bib31]):$$\text{DPPH}\ \text{quenching}\ \text{(\%)} = {{\text{(A} - \text{B)}}/\text{A}} \times 100$$

Where, A is optical density of the blank and B is optical density of the fruit extract. Total antioxidant activity of sample was measured within the linear relationship of concentration vs. optical density decrease and presented as gallic acid equivalent (GAE) in milligram per gram of fresh fruit weight (fw).

2.7. DNA extraction, PCR amplification and electrophoresis {#sec2.7}
----------------------------------------------------------

Genomic DNA was extracted from fresh young leaf tissues of 75 wild clones (NL 1-56, PE 1-10, NB 1- 8, NS1) and the cultivar Franklin using the Wizard® Genomic DNA Purification Kit (Promega, Madison, WI) with manufacturer\'s instruction following [@bib3] and quantified with a Ultrospec 2000 Spectrophotometer (Pharmacia Biotech, Cambridge, UK). Twelve ISSR (UBC 801, 808--810, 816, 817, 826, 827, 835, 867, 890, and 891), 10 EST-PCR (CA21, 54, 227, 231, 1029, 1423, and 1590; NA27, 353, and 1068) and five EST-SSR primers (CA421 and 794; NA800, 961, and 1040) that worked well with cranberries ([@bib3]) were used. While EST primers were purchased from Integrated DNA Technologies, Inc., Coralville, IA, USA; the ISSR markers were obtained from the University of British Columbia Biotechnology Laboratory, Vancouver, BC, Canada. PCR amplification and electrophoresis were done following [@bib3]. Briefly, for all marker types, the 25 mL reaction mixture contained 10 ng DNA template, 200 mM of each dNTP, PCR buffer \[50 mM KCl, 1.5 mM MgCl2, 10 mM TrisHCl pH 8.3, and 0.001% (wt/vol) gelatin\], 0.05 U Taq DNA polymerase, 25 pmol of each primer/primer pair, and PCR grade distilled water (Sigma Chemical Co., Oakville, ON, Canada). The DNA amplification was performed in a PTC-100® Programmable Thermal Controller (MJ Research, Watertown, MA, USA). The PCR cycle consisted of an initial denaturation at 94 °C for 10 min, followed by 45 cycles at 94 °C for 1 min (denaturation), 1 min at annealing temperatures of each primer, 2 min at 72 °C (elongation) and a final extension at 72 °C for 10 min before holding the sample at 4 °C for analysis.

2.8. Statistical analysis {#sec2.8}
-------------------------

Data for phenolic, flavonoid, and monomeric anthocyanin contents and antioxidant activity are presented as mean values ±standard deviation (SD) of at least three independent determinations. The results were statistically evaluated by variance analysis (ANOVA) using the SAS statistical software package (version 9.4; SAS Institute, Cary, NC) and Tukey\'s Test was used to compare treatment means at a critical difference (P) of ≤0.05.

Biodiversity and relationship among genotypes for biochemical data were studied by cluster analysis using the Numerical Taxonomy and Multivariate Analysis System (NTSYS)-pc software (version 2.1, Exeter Software, Setauket, New York) ([@bib38]). To compute a similarity distance matrix, data were transformed with the STAND procedure where mean values were subtracted from the original values followed by division with SD. Standardized values were used in the NTSYS-pc SIMINT procedure to get a matrix of distances among all genotype pairs with the average taxonomic distance. The Unweighted Pair-Group Mean Average (UPGMA) ([@bib44]), estimated by DIST, was used for grouping the genotypes by the clustering method and a dendrogram was constructed from the Sequential, Agglomerative, Hierarchical, and Nested (SAHN) clustering method in UPGMA ([@bib38]).

2.9. Structured diversity with molecular markers {#sec2.9}
------------------------------------------------

Band scoring was done for the presence or absence of each locus and all bands from one primer pair were treated as alleles and one locus ([@bib3]). Cluster numbers (K) were identified using the Bayesian approach for the model-based program with STRUCTURE version 2.3.4 ([@bib36]). It was assumed that each K population followed Hardy--Weinberg equilibrium and all loci were independent. The runs were finished with 100,000 burns in iterations and 100,000 subsequent Monte Carlo Markov Chain (MCMC) runs with K, ranging from 1 to 10. The consistency of results was confirmed by running ten replicates for each assumed K value. A website based program, STRUCTURE HARVESTER (<http://taylor0.biology.ucla.edu/structureHarvester/#>) was used to evaluate the results ([@bib15]). The optimal value for K was identified by L(K) ([@bib36]) and delta K (DK) ([@bib16]) methods. In the former case, K value is considered true when posterior possibilities of K is advancing to plateaus (or continues rising slightly) and has high difference between runs ([@bib39]). In later case, data on the second order rate of change of the likelihood, DK had a clear peak in the graph at true K value ([@bib16]).

3. Results and discussion {#sec3}
=========================

3.1. Total phenolic content (TPC) {#sec3.1}
---------------------------------

TPC using Folin--Ciocalteu reagent is well accepted but the reagent reacts with other reducing compounds and thus it can be used conditionally ([@bib24]). Relevant results are presented in Tables [2](#tbl2){ref-type="table"} and [3](#tbl3){ref-type="table"}. TPC data were expressed as mg GAE/g fw. Highly significant variation was noticed for TPC among the genotypes (p \< 0.05), it varied 2.79 times among the clones collected from four provinces and the two cultivars ([Table 2](#tbl2){ref-type="table"}). Among all genotypes, the highest TPC values were found for NS1 (9.15 ± 0.29 mg) followed by NB2, NB1 and NL69 (8.94 ± 0.26, 8.64 ± 0.28 and 8.53 ± 0.29 mg, respectively) whereas the value for NL95 was the lowest (3.28 ± 0.09 mg) and it was followed by PE13 (3.90 ± 0.29 mg) ([Table 3](#tbl3){ref-type="table"}). The four clones collected from NS had higher average TPC followed by two cultivars ([Table 2](#tbl2){ref-type="table"}). Among four provinces, variation for TPC was the highest among NL clones (2.60-fold difference between the highest and the lowest values) and it was followed by the clones collected from NB (2.07 times), PE (1.76 times) and NS (1.45 times). In NL clones, TPC values ranged from 3.28 ± 0.09 mg for NL95 to 8.53 ± 0.29 mg for NL69 and it was followed by NL 46 (8.36 ± 0.03 mg), NL92 (8.30 ± 0.09 mg) and NL81 (8.23 ± 0.03 mg). Among the PE clones, lowest TPC was observed in the berries of PE13 (3.90 ± 0.29 mg) while PE11 had the highest TPC (6.86 ± 0.20 mg) and it was followed by PE10 (6.44 ± 0.05 mg), PE16 (6.44 ± 0.10 mg) and PE4 (6.36 ± 0.23 mg). The TPC for 19 NB wild collections varied from 4.31 ± 0.17 mg for NB8 to 8.94 ± 0.26 mg for NB2 which was followed by NB1 (8.64 ± 0.28 mg). In NS clones, maximum TPC was observed in NS1 and it was followed by NS4 (8.35 ± 0.12 mg), NS3 (7.86 ± 0.08 mg) and NS2 (6.29 ± 0.36 mg). The cultivar Franklin was superior to Bergman for TPC (8.08 ± 0.04 mg and 5.67 ± 0.14 mg, respectively). It is interesting noting that the TPC values of nine wild clones namely NL11 (8.85 ± 0.08 mg), NL46 (8.36 ± 0.03 mg), NL69 (8.53 ± 0.29 mg), NL81 (8.23 ± 0.03 mg), NL92 (8.30 ± 0.09 mg), NB1 (8.64 ± 0.28 mg), NB2 (8.94 ± 0.26 mg), NS1 (9.15 ± 0.29 mg) and NS4 (8.35 ± 0.12 mg) were higher than those of the two cultivars ([Table 3](#tbl3){ref-type="table"}). These wild clones are valuable resources for using in improving TPC in a cranberry breeding program. These results are in comparable with those reported in blackberry (8.50 mg/g fw), red raspberry (3.57 mg/g fw), strawberry (6.21 mg/g fw), blueberry (3.05 mg/g fw) and cherry (3.14 mg/g fw) ([@bib12]). TPC reported previously in four cranberry cultivars (1.84--2.21 mg/g fw) was less than our results that might be due to differences for genotypes and growing condition ([@bib49]). Working with four wild clones and a cultivar Pilgrim, [@bib1] reported higher amounts of phenolics in Pilgrim than the wild clones. Variation for TPC was also noticed among six cranberry cultivars where the cultivars Franklin and Howes exhibited 1.6 and 1.5 times, respectively more TPC than the cultivar Red Star ([@bib34]). It has been reported that the presence of carbohydrates and/or amino acids in the crude extracts could interfere with TPC estimation when the Folin−Ciocalteu assay is followed ([@bib55]) although this method is well accepted and has been used by various authors for TPC determination in berry crops ([@bib20]; [@bib24]; [@bib1]). Current study indicates that total phenolic contents in cranberry vary widely among wild clones and cultivars although a number of other factors including pre- and post-harvest practices, environmental conditions and maturity stage at harvest have significant role in the accumulation of total phenolics ([@bib29]).Table 2Total phenolic (TPC), flavonoid (TFC) and anthocyanin contents (TAC) and DPPH scavenging activity of groups of wild cranberry clones collected from four Canadian provinces: Newfoundland and Labrador (NL), Nova Scotia (NS), New Brunswick (NB) and Prince Edward Island (PE), and cultivars (CV) Franklin and Bergman. GAE = gallic acid equivalents, CE = catechin equivalents, C~3~GE = cyanidin-3-glucoside equivalents, fw = fresh fruit weight.Table 2Wild Clones (clone/cultivar no.)TPC (mg GAE/g fw)TFC (mg CE/g fw)TAC (mg C~3~GE/g fw)DPPH scavenging activity (mg GAE/g fw)NL (97)Mean ± SD6.03 ± 0.984.77 ± 0.941.00 ± 0.271.78 ± 0.17Min - Max3.28--8.532.78--7.510.13--1.721.17--2.17PE (16)Mean ± SD5.32 ± 0.884.16 ± 0.700.97 ± 0.211.66 ± 0.22Min - Max3.90--6.863.14--5.560.54--1.341.24--2.08NB (19)Mean ± SD6.41 ± 1.264.82 ± 1.141.15 ± 0.421.77 ± 0.18Min - Max4.31--8.943.31--7.270.53--1.921.43--2.10NS (4)Mean ± SD7.91 ± 1.216.00 ± 1.291.67 ± 0.292.16 ± 0.30Min - Max6.29--9.154.24--7.131.35--2.011.79--2.53CV(2)Mean ± SD6.87 ± 1.704.94 ± 1.241.46 ± 1.141.95 ± 0.45Min - Max5.67--8.084.06--5.810.65--2.271.63--2.27All (138)Mean ± SD6.07 ± 1.094.75 ± 0.981.04 ± 0.331.95 ± 0.20Min - Max3.28--9.152.78--7.510.13--2.271.17--2.53[^1]Table 3Total phenolic (TPC), flavonoid (TFC) and anthocyanin contents (TAC) and DPPH scavenging activity of individual wild cranberry clones collected from Canadian provinces: Newfoundland and Labrador (NL), Nova Scotia (NS), New Brunswick (NB) and Prince Edward Island (PE), and two cultivars, Franklin (FRA) and Bergman (BRG). GAE = gallic acid equivalents, CE = catechin equivalents, C~3~GE = cyanidin-3-glucoside equivalents, fw = fresh fruit weight.Table 3Clone/cultivarTPC (mg GAE/g fw)TFC (mg CE/g fwTAC (mg C~3~GE/g fw)DPPH scavenging activity (mg GAE/g fw)NL17.63 ± 1.915.96 ± 1.470.73 ± 0.091.95 ± 0.01NL25.23 ± 0.303.86 ± 0.051.18 ± 0.041.57 ± 0.05NL35.29 ± 0.144.01 ± 0.030.76 ± 0.011.61 ± 0.01NL45.59 ± 0.353.97 ± 0.320.98 ± 0.081.60 ± 0.05NL56.72 ± 1.775.09 ± 1.001.02 ± 0.111.74 ± 0.18NL66.61 ± 0.345.52 ± 0.570.76 ± 0.141.83 ± 0.14NL75.78 ± 0.264.74 ± 0.540.81 ± 0.261.81 ± 0.14NL84.34 ± 0.113.36 ± 0.010.92 ± 0.031.52 ± 0.02NL94.27 ± 0.433.57 ± 0.350.70 ± 0.131.50 ± 0.08NL105.61 ± 0.314.21 ± 0.061.30 ± 0.031.72 ± 0.01NL118.85 ± 0.086.86 ± 0.081.49 ± 0.022.06 ± 0.03NL126.13 ± 0.475.08 ± 0.041.00 ± 0.011.92 ± 0.01NL137.62 ± 0.304.86 ± 0.011.03 ± 0.041.66 ± 0.02NL146.20 ± 0.025.46 ± 0.050.98 ± 0.011.80 ± 0.01NL155.73 ± 0.524.68 ± 0.290.90 ± 0.111.78 ± 0.15NL166.36 ± 0.264.46 ± 0.040.53 ± 0.031.58 ± 0.01NL175.79 ± 0.084.78 ± 0.080.95 ± 0.041.78 ± 0.02NL185.34 ± 0.303.94 ± 0.201.11 ± 0.141.76 ± 0.05NL197.04 ± 0.205.87 ± 0.010.77 ± 0.031.90 ± 0.02NL206.22 ± 1.495.01 ± 1.201.18 ± 0.241.75 ± 0.24NL217.27 ± 0.236.57 ± 0.260.81 ± 0.161.94 ± 0.09NL224.67 ± 0.273.42 ± 0.040.96 ± 0.031.68 ± 0.01NL236.76 ± 0.685.52 ± 0.691.16 ± 0.081.86 ± 0.15NL244.71 ± 0.043.42 ± 0.011.18 ± 0.011.40 ± 0.01NL257.93 ± 0.116.66 ± 0.041.48 ± 0.012.14 ± 0.02NL265.55 ± 0.204.66 ± 0.040.87 ± 0.021.80 ± 0.00NL275.45 ± 1.024.40 ± 0.881.22 ± 0.181.66 ± 0.25NL286.77 ± 1.135.39 ± 1.391.15 ± 0.301.90 ± 0.08NL295.73 ± 0.154.44 ± 0.021.18 ± 0.021.64 ± 0.01NL306.38 ± 0.055.67 ± 0.121.15 ± 0.031.83 ± 0.01NL316.03 ± 0.285.16 ± 0.020.99 ± 0.011.75 ± 0.04NL325.53 ± 0.034.37 ± 0.020.98 ± 0.031.85 ± 0.03NL337.51 ± 0.506.30 ± 0.201.20 ± 0.081.98 ± 0.12NL346.27 ± 0.375.47 ± 0.141.25 ± 0.021.84 ± 0.01NL354.94 ± 0.034.05 ± 0.010.45 ± 0.011.57 ± 0.01NL365.26 ± 0.094.22 ± 0.060.90 ± 0.021.82 ± 0.00NL376.27 ± 0.414.85 ± 0.701.20 ± 0.131.81 ± 0.04NL384.74 ± 0.833.94 ± 0.990.92 ± 0.081.57 ± 0.15NL396.89 ± 1.285.34 ± 0.941.27 ± 0.291.91 ± 0.21NL406.12 ± 0.324.24 ± 0.010.87 ± 0.031.77 ± 0.02NL416.45 ± 0.234.50 ± 0.021.49 ± 0.001.94 ± 0.01NL425.61 ± 0.204.24 ± 0.011.09 ± 0.011.71 ± 0.01NL436.30 ± 0.154.69 ± 0.041.22 ± 0.022.06 ± 0.05NL446.06 ± 0.434.78 ± 0.051.13 ± 0.011.90 ± 0.00NL456.26 ± 0.964.73 ± 0.271.20 ± 0.041.94 ± 0.11NL468.36 ± 0.037.02 ± 0.041.28 ± 0.012.08 ± 0.02NL477.45 ± 0.256.64 ± 0.060.98 ± 0.132.03 ± 0.02NL485.92 ± 0.614.46 ± 0.181.09 ± 0.021.73 ± 0.04NL495.95 ± 0.654.84 ± 0.871.14 ± 0.071.90 ± 0.20NL506.20 ± 0.245.04 ± 0.010.67 ± 0.011.62 ± 0.03NL514.71 ± 0.082.78 ± 0.020.80 ± 0.011.42 ± 0.02NL526.35 ± 0.204.51 ± 0.240.87 ± 0.011.83 ± 0.04NL535.84 ± 2.044.41 ± 1.150.66 ± 0.421.72 ± 0.36NL546.73 ± 1.243.17 ± 0.871.31 ± 0.091.87 ± 0.06NL557.03 ± 1.135.50 ± 0.711.14 ± 0.101.95 ± 0.16NL564.33 ± 0.063.15 ± 0.030.77 ± 0.011.41 ± 0.02NL576.14 ± 0.064.87 ± 0.051.09 ± 0.011.86 ± 0.01NL585.18 ± 0.143.74 ± 0.030.64 ± 0.011.73 ± 0.00NL595.92 ± 0.714.66 ± 0.810.61 ± 0.331.65 ± 0.11NL606.56 ± 0.084.76 ± 0.031.25 ± 0.011.95 ± 0.03NL616.04 ± 0.094.96 ± 0.161.04 ± 0.041.80 ± 0.00NL627.14 ± 0.106.26 ± 0.080.99 ± 0.031.90 ± 0.00NL635.47 ± 0.193.94 ± 0.010.51 ± 0.291.60 ± 0.02NL644.68 ± 0.203.32 ± 0.031.20 ± 0.001.68 ± 0.02NL656.24 ± 0.364.55 ± 0.031.29 ± 0.011.69 ± 0.02NL665.55 ± 0.724.32 ± 0.600.95 ± 0.121.69 ± 0.02NL675.73 ± 0.245.05 ± 0.121.12 ± 0.011.77 ± 0.01NL686.47 ± 0.265.77 ± 0.041.00 ± 0.011.90 ± 0.04NL698.53 ± 0.296.27 ± 0.091.38 ± 0.012.06 ± 0.02NL705.26 ± 0.044.72 ± 0.040.63 ± 0.011.92 ± 0.03NL715.94 ± 0.504.49 ± 0.040.95 ± 0.061.91 ± 0.06NL725.82 ± 1.234.59 ± 1.351.02 ± 0.301.88 ± 0.35NL735.20 ± 0.113.47 ± 0.040.98 ± 0.001.71 ± 0.17NL746.26 ± 1.765.05 ± 1.511.11 ± 0.111.90 ± 0.39NL755.83 ± 0.394.43 ± 0.061.11 ± 0.181.81 ± 0.24NL764.55 ± 0.303.55 ± 0.030.68 ± 0.021.61 ± 0.02NL774.49 ± 0.103.56 ± 0.010.13 ± 0.011.33 ± 0.02NL785.43 ± 0.313.96 ± 0.010.84 ± 0.011.68 ± 0.05NL795.94 ± 1.164.54 ± 1.261.30 ± 0.261.80 ± 0.18NL805.71 ± 0.894.46 ± 0.380.51 ± 0.071.95 ± 0.15NL818.23 ± 0.036.21 ± 0.061.25 ± 0.052.02 ± 0.01NL825.65 ± 0.204.94 ± 0.010.94 ± 0.011.79 ± 0.02NL836.00 ± 0.165.27 ± 0.070.74 ± 0.121.78 ± 0.03NL845.43 ± 0.064.37 ± 0.170.91 ± 0.021.75 ± 0.06NL856.06 ± 0.115.12 ± 0.330.94 ± 0.011.85 ± 0.03NL865.63 ± 0.194.96 ± 0.020.99 ± 0.021.69 ± 0.01NL876.08 ± 0.174.85 ± 0.150.88 ± 0.191.84 ± 0.06NL886.14 ± 0.525.03 ± 0.250.64 ± 0.131.79 ± 0.03NL896.71 ± 0.195.17 ± 0.341.35 ± 0.031.93 ± 0.08NL905.12 ± 0.083.61 ± 0.021.18 ± 0.081.72 ± 0.02NL915.50 ± 0.313.93 ± 0.041.07 ± 0.001.53 ± 0.01NL928.30 ± 0.097.51 ± 0.091.32 ± 0.022.17 ± 0.02NL937.80 ± 0.006.62 ± 0.021.72 ± 0.541.96 ± 0.01NL946.34 ± 0.594.82 ± 0.231.61 ± 0.031.99 ± 0.06NL953.28 ± 0.096.60 ± 0.140.46 ± 0.011.17 ± 0.01NL965.20 ± 0.024.16 ± 0.160.79 ± 0.011.54 ± 0.02NL976.00 ± 0.404.40 ± 0.321.09 ± 0.061.91 ± 0.04PE14.52 ± 0.213.53 ± 0.010.77 ± 0.021.59 ± 0.00PE24.75 ± 0.314.16 ± 0.010.80 ± 0.021.53 ± 0.01PE35.78 ± 0.054.62 ± 0.091.10 ± 0.001.77 ± 0.03PE46.36 ± 0.235.04 ± 0.160.88 ± 0.011.75 ± 0.03PE55.39 ± 0.534.14 ± 0.541.08 ± 0.101.71 ± 0.12PE64.93 ± 0.193.61 ± 0.071.11 ± 0.011.68 ± 0.03PE74.63 ± 0.193.14 ± 0.030.94 ± 0.011.44 ± 0.01PE85.71 ± 0.334.07 ± 0.041.22 ± 0.011.67 ± 0.03PE95.30 ± 0.073.83 ± 0.011.01 ± 0.021.72 ± 0.02PE106.44 ± 0.054.69 ± 0.021.19 ± 0.032.08 ± 0.06PE116.86 ± 0.205.56 ± 0.010.98 ± 0.001.94 ± 0.00PE125.29 ± 0.194.23 ± 0.090.93 ± 0.011.79 ± 0.01PE133.90 ± 0.293.25 ± 0.050.54 ± 0.001.24 ± 0.02PE144.31 ± 0.283.29 ± 0.020.75 ± 0.011.37 ± 0.01PE154.51 ± 0.054.57 ± 0.080.84 ± 0.011.44 ± 0.02PE166.44 ± 0.104.80 ± 0.301.34 ± 0.171.86 ± 0.02NB18.64 ± 0.285.57 ± 0.051.04 ± 0.061.83 ± 0.01NB28.94 ± 0.267.27 ± 0.021.61 ± 0.012.10 ± 0.01NB37.36 ± 0.446.30 ± 0.711.34 ± 0.091.93 ± 0.05NB47.20 ± 0.064.99 ± 0.070.99 ± 0.011.89 ± 0.00NB55.40 ± 0.133.76 ± 0.200.80 ± 0.131.57 ± 0.07NB66.21 ± 0.174.41 ± 0.021.92 ± 0.011.78 ± 0.01NB75.14 ± 0.203.60 ± 0.080.87 ± 0.031.62 ± 0.01NB84.31 ± 0.173.31 ± 0.040.53 ± 0.151.65 ± 0.02NB97.25 ± 2.156.32 ± 2.550.92 ± .0371.81 ± 0.16NB106.52 ± 0.025.04 ± 0.011.11 ± 0.051.76 ± 0.03NB116.64 ± 0.195.74 ± 0.011.31 ± 0.031.91 ± 0.01NB125.05 ± 0.253.47 ± 0.030.71 ± 0.011.43 ± 0.01NB135.17 ± 0.023.83 ± 0.010.98 ± 0.001.63 ± 0.01NB146.80 ± 0.234.67 ± 0.021.07 ± 0.001.82 ± 0.02NB157.81 ± 0.186.13 ± 0.151.90 ± 0.042.10 ± 0.02NB165.42 ± 0.113.72 ± 0.091.23 ± 0.011.63 ± 0.01NB175.30 ± 0.233.96 ± 0.020.61 ± 0.011.54 ± 0.03NB185.93 ± 0.204.63 ± 0.021.16 ± 0.061.80 ± 0.03NB196.79 ± 1.044.83 ± 0.691.84 ± 0.231.90 ± 0.12NS19.15 ± 0.297.13 ± 0.021.35 ± 0.032.17 ± 0.00NS26.29 ± 0.364.24 ± 0.021.52 ± 0.031.79 ± 0.02NS37.86 ± 0.085.87 ± 0.071.79 ± 0.022.16 ± 0.01NS48.35 ± 0.126.75 ± 0.022.01 ± 0.022.53 ± 0.05FRA8.08 ± 0.045.81 ± 0.042.27 ± 0.022.27 ± 0.02BRG5.67 ± 0.144.06 ± 0.060.65 ± 0.021.63 ± 0.01[^2]

3.2. Total flavonoid content (TFC) {#sec3.2}
----------------------------------

Flavonoids occur abundantly in *Vaccinium* species and are important constituents in human diet. They display a range of biological activities in vivo and vitro ([@bib25]). TFC results were expressed as mg CE/g fw. The wild clones and cultivars showed wide variation among themselves for TFC (p \< 0.05) ranging from 2.78 ± 0.02 to 7.51 ± 0.09 mg for the clones NL51 and NL92, respectively ([Table 3](#tbl3){ref-type="table"}). Highest variation was observed among the NL clones (2.70 times) followed by NB (2.20 times), PE (1.77 times) and NS clones (1.68 times). The TFC in NL clones was highest in NL92 followed by NL46 (7.02 ± 0.04 mg). While in PE clones, TFC varied from 3.14 ± 0.03 mg to 5.56 ± 0.01 mg for PE7 and PE11, respectively; these values for NB clones were 3.31 ± 0.04 mg for NB8 to 7.27 ± 0.02 mg for NB2. The TFC of NS wild collections ranged from 4.24 ± 0.02 mg (NS2) to 7.13 ± 0.02 mg (NS1). Franklin possessed more TFC than Bergman 5.81 ± 0.04 and 4.06 ± 0.06 mg, respectively). While three of the four NS clones (NS1, 3 and 4) had significantly more TFC than Franklin, Bergman had lower TFC than all four NS clones. Among the clones from other three provinces, the number of clones with higher TFC than those of both cultivars were 14 in NL (NL1, 11, 19, 21, 25, 33, 46, 47, 62, 69, 81, 92, 93 and 95) and one in NB (NB15). None of the PE clones had higher TFC than both cultivars ([Table 3](#tbl3){ref-type="table"}). The TFC values of the present study were more than those reported by [@bib12] in red raspberry (0.10 mg CE/g), sweet cherry (0.60 mg CE/g), blueberry (0.48 CE/g), strawberry (0.38 mg CE/g) and blackberry (0.87 mg CE/g. Comparable variation (2.56 times; ranging from 0.78 -- 2.0 mg CE/g dry weight) was noticed by [@bib1] in five cranberry genotypes. As in TPC, the possible variation in TFC obtained in different studies might be duo to a number of factors including genotype, extraction procedure, growing and storage conditions and maturity stage at harvest ([@bib49]; [@bib29]).

3.3. Total monomeric anthocyanin content (TAC) {#sec3.3}
----------------------------------------------

Anthocyanins which belong to the phenolic compounds are the main natural color pigments of berry crops and are, in general, present in coloured fruits. The red colour of cranberries is because of the presence of anthocyanins. Anthocyanins are also well known for their health-promoting properties with strong antioxidant activity. Their concentrations tend to increase when the berries ripen in response to environmental factors including light and temperature ([@bib6]; [@bib35]). TAC, expressed as mg C~3~GE/g fw, for all cranberry genotypes differed significantly (p \< 0.05). Diverse genotypes with 17.46 times variation ranging from 0.13 ± 0.01 mg g^-1^ fw (NL77) to 2.27 ± 0.04 mg (Franklin) TAC were observed in the present study ([Table 3](#tbl3){ref-type="table"}). The highest TAC containing genotype Franklin was followed by wild clone NS4 (2.01 ± 0.02 mg). The mean TAC value across all wild collections was highest in the berries of NS clones followed by the clones collected from NB, NL and PE ([Table 2](#tbl2){ref-type="table"}). The NL clones had the highest variation (13.23 times) ranging from 0.13 ± 0.01 mg (NL77) to 1.72 ± 0.54 mg (NL93) and it was followed by NB clones (3.62 times) ranging from 0.53 ± 0.15 (NB8) to 1.92 ± 0.01 mg (NB6). Variation among NS clones were the least (1.49 times) with a mean value of 1.67 ± 0.29 mg followed by PE clones (2.48 times) with an average of 0.97 ± 0.21 mg. Among PE clones, PE16 had the highest TAC (1.34 ± 0.17 mg/g fw) while PE13 had lowest TAC (0.54 ± 0.00 mg/g fw). The TAC in NS clones was highest in NS4 (2.01 ± 0.02 mg) and it was followed by NS3 (1.79 ± 0.02 mg), NS2 (1.52 ± 0.03 mg) and NS1 (1.35 ± 0.03 mg). Cultivar Franklin possessed 1.43 times higher TAC than Bergman ([Table 3](#tbl3){ref-type="table"}). Current results are more than those reported in blackberry (0.59 mg/g fw), blueberry (0.29 mg/g fw), cherry (0.27 mg/g fw), red raspberry (0.15 mg/g fw), and strawberry (0.16 mg/g fw; [@bib12]); and in ripe fruits of four cranberry cultivars (0.43--1.18 mg/g fw) ([@bib49]). [@bib49] also reported that the total anthocyanin content in three cranberry cultivars was 5--10 times lower when grown in America than when they were grown in Poland. In agreement with the current studies, [@bib1] reported 4.11 times variation for TAC in four cranberry wild clones and a cultivar Pilgrim ranging from 0.54 -- 2.22 mg/g dry weight. Similar results were also reported by [@bib34] who observed 2.47 times variation for total anthocyanins in six cultivars. [@bib28] reported 1.76 times variation of total anthocyanin content in 21 cranberry cultivars grown in New Zealand ranging from 1.63 -- 2.87 mg dry weight.

3.4. Antioxidant activity (AA) {#sec3.4}
------------------------------

The DPPH assay has been widely used for the determination of AA in berry crops ([@bib20]). The antioxidant activity differed significantly (p \< 0.05) among the wild cranberry genotypes and the two cultivars tested. The AA (DPPH radical scavenging activity expressed as mg GAE/g fw) was diverse (p \< 0.05) in the present material (Tables [2](#tbl2){ref-type="table"} and [3](#tbl3){ref-type="table"}) and values varied 2.16 times among the genotypes ranging from 1.17 to 2.53 mg for the clones NL95 and NS4, respectively. Variation was the highest in NL clones (1.85 times) followed by PE (1.68 times), NB (1.47 times) and NS clones (1.41 times). In NL clones, highest AA was observed in the berries of NL92 (2.17 ± 0.02 mg) and it was followed by NL25 (2.14 ± 0.02 mg), NL46 (2.08 ± 0.02 mg), NL11 (2.06 ± 0.03 mg), NL43 (2.06 ± 0.05 mg), NL69 (2.06 ± 0.02 mg), NL47 (2.03 ± 0.02 mg) and NL81 (2.01 ± 0.01 mg). AA in PE clones varied from 1.24 ± 0.02 mg for PE13 to 2.08 ± 0.06 mg for PE10. In the NB wild collections, AA was the highest in NB2 (2.10 ± 0.01 mg) and NB15 (2.10 ± 0.02 GAE/g fw) and the lowest in NB12 (1.43 ± 0.01 mg). The average AA value for four NS clones was the highest among all groups ([Table 2](#tbl2){ref-type="table"}) with the highest value of 2.53 ± 0.05 mg for NS4 followed by NS1 (2.17 ± 0.00 mg), NS3 (2.16 ± 0.01 mg) and NS2 (1.79 ± 0.02 mg). The cultivar Franklin (2.27 ± 0.02 mg) had 1.39 times more AA than Bergman (1.63 ± 0.01 mg) under our greenhouse condition ([Table 3](#tbl3){ref-type="table"}). These values are, in general, more than those observed by [@bib49] in four cranberry cultivars (0.11--0.15 mg/g). Wild edible fruits were also found to be a good source of bioactive compounds with high antioxidant activities ([@bib32]).

3.5. Cluster analysis for antioxidant properties {#sec3.5}
------------------------------------------------

All 136 wild clones and two cultivars were subjected to cluster analysis using UPGMA multivariate technique and classify them into categories or clusters based on their similarities for their phenolic, flavonoid and monomeric anthocyanin and their antioxidant activity (data not shown). The UPGMA analysis with 136 wild clones and two cultivars identified two main clusters with an outlier, NL95, which had lowest TPC (3.28 ± 0.09 mg) and AA (1.17 ± 0.01 mg) ([Table 3](#tbl3){ref-type="table"}). The first cluster (CL I) consisted of 122 clones from all four provinces and had two sub-clusters: CL I-1 and CL I-2. CL I-1 was again divided into two sub-sub clusters: CL I-1a and CL I-1b. CL I-1a had six distinct groups of 81 wild clones while NS2 and NB6 grouped with four NL clones (NL41, 94, 36, 54) in sub-sub-cluster CL I-1b. In CL I-1a, four NL clones (NL1, 19, 21, 47, 62) grouped with NB9 and NL13 grouped with NB1. In this sub-sub class, there were four more groups consisting of 31 (two NB and two PE and 27 NL clones), 20 (15 NL and 5 PE clones), 13 (11 NL and two PE clones) and nine (NL clones) wild clones. Sub-cluster Cl I-2 had two major sub-sub-clusters, the former (CL I-2a) with two groups: one having nine NL and one PE clones and the other with 22 wild clones (12 NL, six NB and five PE clones) and the cultivar Bergman. The sub-sub-cluster CL I-2b had only two clones (NL72 and PE13). Cluster II (CL II) had two sub-clusters; the first with eight NL (NL11, 46, 92, 25, 69, 81, 33, 93), two NS (NS1, 3) and 3 NB clones (NB2, 3, 15) and the second with clone NS4 and the cultivar Franklin. It is interesting that while the cultivar Bergman was grouped with three NL clones (NL55, 58, 63) and NB17 in CL I-2a, Franklin was clustered with NS4 in CL II-1. NS4 (2.53 ± 0.05 mg) had the highest AA and it was followed by Franklin (2.27 ± 0.02 mg).

Clustering for antioxidant properties with 75 wild clones and the cultivar Franklin that were used for molecular structure analysis using DNA markers, are presented in [Fig. 1](#fig1){ref-type="fig"}. As was with all 138 genotypes, here also 76 genotypes were divided into two main clusters. Cluster I (CL I) was divided into two sub-clusters: CL I-1 and CL 1-2. CL I-1 was again divided into two sub-sub-clusters: CL I-1a and CL I-1b. CL I-1a consisted of two groups: one with NL1, 6, 19, 21, 33, 47 and NB3, and the other with NL13 and NB1. CL I-1b was grouped into two leaving NL54 as an outlier. The first group was again divided into two: one with eight NL (NL2, 4, 10, 18, 22, 27, 29, 42) and four PE clones (PE5, 6, 8, 9); and the second with 14 NL (NL5, 7, 14, 15, 17, 20, 26, 31, 32, 36, 37, 40, 48, 52) and two PE clones (PE3, 4). The second group consisted of 12 NL clones (NL12, 23, 28, 30, 34, 39, 41 43, 44, 45, 49, 55), NB4 and PE10. The sub-cluster CL I-2 had two sub-sub-clusters: CL I-2a and CL I-2b. While the former consisted of eight NL clones (NL3, 8, 9, 24, 35, 38, 51, 56), three NB (NB5, 7, 8) and three PE clones (PE1, 2, 7); the latter had three NL clones (NL16, 50, 53). Cluster II (CL II)was comprised of three NL clones (NL11, 25, 46), NB2, NS1 and the cultivar Franklin. Franklin and NL25 were two outliers while NL11 grouped with NB2 and NL46 with NS1 in CL II ([Fig. 1](#fig1){ref-type="fig"}). In the present study, a multivariate analysis was applied to characterize and classify the wild edible fruits according to biochemical and antioxidant characteristics.Fig. 1Unweighted pair-group method with arithmetic averages (UPGMA) dendrogram estimating the genetic distance among 75 cranberry clones and the cultivar Franklin (FRA) designated by codes given in [Table 1](#tbl1){ref-type="table"}, based on total phenolic, flavonoid and monomeric anthocyanin as well as their antioxidant activity data.Fig. 1

3.6. Structured diversity {#sec3.6}
-------------------------

In this study, all ISSR, EST-PCR and EST-SSR primers yielded polymorphic bands in 75 cranberry clones and the cultivar Franklin confirming the results of [@bib3]. The STRUCTURE program ([@bib36]) was used to detect population structure and to assign individuals to subpopulations or groups. This is a model-based Bayesian approach to identify groups of individuals based on a fit to the Hardy--Weinberg equilibrium and linkage equilibrium. Combined data for all three types of marker divided the genotypes into five clusters (K = 5) as was indicated from the plots of probability (Ln) for K and ΔK ([Fig. 2](#fig2){ref-type="fig"}) ([@bib36]; [@bib16]). Delta K is an ad hoc statistics and has been recommended for identifying the best-fitting number of groups within a sample ([@bib16]). However, LnP(D) showed two peaks, one at K = 5 and another at K = 8 ([Fig. 2](#fig2){ref-type="fig"}a). Similarly, there were two peaks in ΔK graph, at K = 2 and at K = 5 ([Fig. 2](#fig2){ref-type="fig"}b). Both graphs had the highest peak at K = 5. Although ΔK is very useful to identify the correct number of clusters, it can be used together with the other information provided by structure, such as Ln (K) ([@bib16]).Fig. 2Estimation of the number of clusters (K) best fitting the data based on STRUCTURE runs with K ranging from 1 to 10. (a) Mean natural logarithm probability over 10 replicates compared to K; (b) measure of ΔK for each K value.Fig. 2

All marker grouped 24 NL, three NB and PE7, and the cultivar Franklin in Cluster I (CL I) ([Fig. 3](#fig3){ref-type="fig"}). Around 23% admixtures from Clusters II (CL II) and III (CL III) were observed in NL30 in Cluster I. While CL II had seven NL, three NB and three PE clones; CL III consisted of PE10, NB8 and eight NL clones of which NL20, NL21 were with around 17% and 7%, respectively admixtures from CL II. Nine NL clones were grouped in Cluster IV (CL IV). Three of these clones (NL 16, 31, 38) had around 29-43% admixtures from Cluster V (CL V). CL V possessed eight NL, five PE, NS1 and NB7 clones. In this cluster, NL17 showed the highest admixture of around 43% followed by NL 48 (∼41%), NL18 (∼40%) and NL32 (∼31%). NL 19 and NL 33 had around 11% admixture in this group. All these clones had admixtures from CL IV. In Cluster V, NB7 had around 6% admixture from CL IV ([Fig. 3](#fig3){ref-type="fig"}).Fig. 3Distribution of 75 cranberry clones and the cultivar Franklin (FRA) in groups according to STRUCTURE analysis (K = 5), based on 12 ISSR, 10 EST-PCR and 5 EST-SSR primers. The genotypes were represented by vertical bars and each colour is associated to a different group. Genotype identification number is shown on [Table 1](#tbl1){ref-type="table"}.Fig. 3

3.7. Comparison between biochemical and genetic clustering {#sec3.7}
----------------------------------------------------------

Multiple genetic and environmental factors affect production and accumulation of antioxidant compounds. Clustering based on ISSR, EST-PCR and EST-SSR data for 75 cranberry clones and the cultivar Franklin was different from that based on the total phenolic, flavonoid and anthocyanin contents and antioxidant activity analyses data (Figs. [1](#fig1){ref-type="fig"} and [3](#fig3){ref-type="fig"}). For example, in biochemical cluster analysis, although seven NL (NL1, 6, 13, 19, 21, 33, 47) and two NB clones (NB1, 3) were grouped in one sub-cluster (Cl I-1; [Fig. 1](#fig1){ref-type="fig"}), they were distributed in all five clusters in structure analysis (CL 1: NL6, 13; NB1; CL II: NB3; CL III: NL21; CL IV: NL1, 47; CL V: NL19, 33) ([Fig. 3](#fig3){ref-type="fig"}). Similarly, three NL clones (NL11, 25, 46), NB2, NS1 and the cultivar Franklin were grouped in CL II in cluster analysis for antioxidant properties ([Fig. 1](#fig1){ref-type="fig"}) but they were found in CL I (NL11, 25; NB2, Franklin), CL II (NL46) and CL V (NS1) in structure analysis ([Fig. 3](#fig3){ref-type="fig"}). The poor correspondence between genetic clustering from biochemical data implies that probably these markers differ in their degree of genomic coverage in wild cranberries. Molecular markers are distributed throughout the genome most of which are not expressed at the phenotypic level. The unexpressed noncoding regions of genome that are not accessible to phenotypic expression might be the reason of disagreement between the molecular and chemical diversity ([@bib11]). Similar results were also reported by [@bib10] in lingonberry and by [@bib9] in strawberry who observed that clustering based on ISSR data did not coincide with those based on the antioxidant activity and anthocyanin content data. [@bib19] did not found correlation between the random amplified polymorphic DNA (RAPD) and morphological data in strawberries.

Although genotype is the major factor in determining berry quality, antioxidant properties in berry crops are also influenced by a number of other factors including pre- and post-harvest environmental conditions, maturity at harvest and storage conditions ([@bib14]). DNA markers can directly detect sequence variation among genotypes and have the ability to bypass the factors that affect antioxidant properties. DNA markers can be affected by their types and number, availability across the genome and the scoring precision ([@bib41]). In the present study, three types of markers (ISSR, EST-PCR and EST-SSR) have been used. The use of three types of marker is more effective than one type to estimate relatedness and diversity among genotypes in a diverse wild germplasm ([@bib3]). It has been suggested that the DNA analysis data combined with data on antioxidant properties could be used effectively for germplasm management and parent selection in berry improvement programs ([@bib9]; [@bib10]; [@bib11]).

4. Conclusions {#sec4}
==============

This is the first report of investigation of total phenolic, flavonoid and anthocyanin contents and of antioxidant activity along with molecular diversity analysis using three types of DNA markers: ISSR, EST-PCR and EST-SSR, in a diverse wild cranberry germplasm. Wild cranberries could be a better alternative to the cultivated cultivars as a functional food or dietary supplements, as was suggested by [@bib32] for wild edible fruits. The study identified 9, 18 and 1 (NS4) wild clones superior to both cultivars for TPC, TFC and AA, respectively that might be used in breeding programs to produce cultivars with high antioxidant properties. Clustering based on combined data on ISSR, EST-PCR and EST-SSR markers was different from that of antioxidant properties. These markers are dispersed throughout the whole genome and many sections of the genome are unexpressed at the phenotypic level. The poor correspondence between genetic distance from biochemical and molecular data indicates that the markers vary in the coverage of the genome. Although no reports are available on using DNA-markers for the analysis of antioxidant properties in cranberries, possibility to use these markers for the same is immense. Extensive reservoir of favourable alleles within wild germplasm is needed for in-depth understanding of the molecular basis for key traits including antioxidant properties of cranberry germplasm. Present study indicates that molecular analysis of genetic diversity and relatedness with DNA based markers along with antioxidant analysis, in a cranberry germplasm collection, can help grouping the wild clones and in identification of subgroups with possible utility for germplasm conservation and utilization in a breeding program. This is invaluable to analyse genetic variability, identify diverse parental combinations to generate wide variability in segregating progenies for further selection and to introduce desirable genes into a cross combination from diverse germplasm. The study should facilitate the use of chemical analysis of fruits and of DNA fingerprints for marker-assisted applications in cranberry improvement.
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[^1]: Values are means ± SD values of at least three replicates.

[^2]: Values are means ± SD values of at least three replicates.
